The distant evolutionary ancestry of mammals is documented by a rich therapsid fossil record. While sphenacodontid synapsids are considered the sister−group of therapsids, the place of origin of therapsids is an enigma, largely because of a long standing morphological and temporal gap (Olson's Gap) in their fossil record. We describe a new large predatory synapsid, Raranimus dashankouensis gen. et sp. nov., from the Middle Permian of Dashankou in China which has a unique combination of therapsid and sphenacodontid features. This specimen is of great significance as it is a basal therapsid which is the sister taxon to all other therapsids. The fact that it was found in association with Early Permian tetrapods (Anakamacops and Belebey) suggests that it is the oldest therapsid and provides the first evidence of therapsid−bearing rocks which cover Olson's Gap. It further supports that therapsids may have had a Laurasian rather than Gondwanan origin.
Introduction
A rich, nearly continuous 315 million year fossil record docu− ments the evolutionary history of a diverse clade of synapsid amniotes that includes extant mammals and their stem−group, often called "mammal−like reptiles" Kemp 2005 ). One of the major remaining problems in synap− sid research is the presence of a morphological and temporal gap (so−called Olson's Gap) between the earliest therapsids and their supposed sphenacodontian−grade ancestors (Hopson 1991; Sidor and Hopson 1998; Kemp 2005 ). Even at their first appearance in the fossil record therapsids had already diversi− fied into several distinct groups including small and large her− bivores and predators (Chudinov 1983; Rubidge 1995) .
The Middle Permian Dashankou fauna from Gansu Prov− ince, China is known to have produced a wide variety of basal tetrapod fossils (Battail 2000; Li 2001 ). Recently a remarkable new specimen, comprising the partial snout of a tetrapod, was discovered at the Dashankou locality and contributes to the di− versity of this fauna. Although fragmentary, the fossil reveals a unique combination of therapsid and sphenacodontid fea− tures. This find helps us understand the morphological transi− tion from sphenacodonts to therapsids and provides new in− sight into the long−standing debate on whether basal thera− psids had a Laurasian or Gondwanan origin. 
Geological setting
The Dashankou locality is located about 20 km southwest of Old Yumen City, 50 km west of Jiayuguan City, 2500 m above the sea level. It lies on the north side of the Qilian Mountains. This single locality produced all known tetrapods of the Dashankou Fauna. The Dashankou Fauna, including the taxon described in this paper, is from the Xidagou Formation. The Xidagou Formation is fluvial deposit which is character− ized by a reddish medium to coarse sandstone containing peb− bles, but the vertebrate fossils occur in a red mudstone in the upper part of the unit.
Material and methods
The skull, which is preserved in a red mudstone, was exca− vated in 1998. The specimen was prepared mechanically us− ing an air−driven engraver fitted with a tungsten carbide stylus.
A phylogenetic analysis was performed with PAUP 4.0b10 (Swofford 2001 Diagnosis.-A plesiomorphic therapsid characterised by: choana short, with the posterior margin lying at the level of the first pair of canines; long facial process of septomaxilla; presence of one precanine and two functional linguo−labially compressed canines on maxilla; six incisors. Description.-The specimen consists of a well preserved though slightly laterally crushed, slender snout (length of 100 mm, height of 65 mm, width between canines 33 mm) with a marginal tooth series comprising incisors, precanines, canines and the roots of three postcanines (Figs. 1B, 2 ). Re− curved and slender incisor teeth and the presence of serra− tions on the posterior edge of the second canine suggest that it belonged to a large predator with the complete skull proba− bly exceeding 16 cm in length.
A large oval external naris (Figs. 1A, 2) is positioned close to the anterior margin of the snout. The dorsal process of the premaxilla makes up most of the internarial bar, and termi− nates posteriorly beyond the posterior margins of the external nares where it is overlapped by the nasals. Paired nasals ex− tend backwards from the posterodorsal margin of the external naris to meet the prefrontal posteriorly, and ventrally form a long sutural contact with the maxilla and septomaxilla. The latter bone comprises the floor of the external naris with its posterodorsal process wedged between the maxilla and the na− sal and extending further posteriorly on the snout than the dor− sal process of the premaxilla. While the posteriormost extent of the maxilla is not preserved, it contacts the nasal dorsally and the prefrontal posterodorsally. Anteriorly the vertical su− ture between the maxilla and the premaxilla descends from the front of the external naris to a point between the third and fourth incisor, and continues posteriorly along the ventral edge labial to the incisors before turning medially to reach the . Abbreviations: c1-2, ca− nine 1-2; ch, choana; en, external naris; i1-6, incisor 1-6; M, maxilla; N, nasal; p1-3, postcanine 1-3; Pf, prefrontal; Pl, palatine; Pm, premaxilla; Pt, pterygoid; rc, replacement canine; ri, replacement incisor; Sm, septomaxilla; sp, small precanine maxillary tooth; V, vomer.
choana in front of the precanine. In lateral view the ventral margin of the maxilla turns sharply downwards forming a notch between the last incisor and canine. Bone sculpturing is present on the snout with small pits on the anterior surface of the premaxilla and radial striations converging on the concave area above the root of the canine on the maxilla, while longitu− dinal striations occur on the rest of the snout. In palatal view the premaxilla forms the anterior and most of the lateral margin of the choana up to the level of the precanine, while being anteroventrally overlain by the ante− rior process of the vomer as in dinocephalians. Long, thin and edentulous paired vomers form the medial border of the choana. Their ventral surface is flat with the anterior section being slightly ventrally convex and the lateral edges of the posterior interchoanal portion forming weak ridges. The choanae are short, extending from the level of the fourth inci− sor to that of the first canine, a character unknown in other therapsids. Only the anterior part of the left palatine is pre− served. It underlies the maxilla, possibly contacts the vomer medially, and extends anteriorly to the level of the first post− canine. No palatine teeth are evident and only the anterior portions of the pterygoids are present.
Six incisors were present on each premaxilla. Those with preserved crowns show them to be similar in size, recurved and unserrated, and therefore resembling the morphology of those of most theriodont therapsids (Fig. 1B) . A diastema is present between the last incisor and the first canine on the left side and the last incisor and precanine on the right. Two re− curved canines, ovoid in cross section, are present in each maxilla. The complete left second canine (c2 in Fig. 2B ) is considered to be newly erupted as it only partially occupies its alveolus. No serrations are preserved on the first canine, but they do exist on the posterior ridge of the right second canine. . Abbreviations: c1-2, canine 1-2; ch, choana; en, external naris; i1-6, incisor 1-6; M, maxilla; N, nasal; p1-3, postcanine 1-3; Pf, prefrontal; Pl, palatine; Pm, premaxilla; Pt, pterygoid; rc, replacement canine; ri, replacement incisor; Sm, septomaxilla; sp, small precanine maxillary tooth; V, vomer.
cates that the two canines are not simply replacements of one another, but functioned simultaneously. This makes Rara− nimus the only therapsid with two functional canines, a condi− tion reminiscent of the caniniform teeth seen in the large pred− atory sphenacodontids (Romer and Price 1940; Reisz 1986 ). These canines, despite being doubled as in basal synapsids, have a more derived therapsid morphology in being quite slen− der and compressed linguo−labially, rather than having the massiveness seen in similarly sized sphenacodontids. A small precanine with fine serrations on its anterior ridge is present in the maxilla anterior to the right first canine (Fig.  1B) and is reminiscent of the small precanine teeth known in Dimetrodon (Romer and Price 1940) and Tetraceratops (Laurin and Reisz 1996) . Roots of three postcanines are pre− served in the left maxilla but the rest of this bone is missing. Judging by root diameter, the postcanines vary in size but are all much smaller than the canines.
Discussion
To explore the phylogenetic position of Raranimus and to ex− amine the effects of the new data upon current hypotheses of relationships amongst basal synapsids and therapsids, we built upon the data matrices from Sidor and Hopson (1998), Sidor and Rubidge (2006) , and Rubidge et al. (2006) . Therocepha− lians and cynodonts are excluded from this analysis because their position as advanced therapsids is confirmed in the pri− mary analyses. Haptodus is used as the outgroup, and the alleged basalmost therapsid Tetraceratops is also included. Laurin and Reisz (1996) stated that the interpterygoid vacuity is closed posteriorly by an additional posteromedian flange of pterygoid. As we are unable to verify this we have coded char− acter 41 as unknown. From all the characters used in analysis, Tetraceratops has only two derived states (Appendix 2) and our analysis supports that Tetraceratops is better considered as a sphenacodontid as suggested by Conrad and Sidor (2001) . Our phylogenetic analysis shows Raranimus to be the most basal therapsid as it is closely allied to other well known therapsids (Fig. 3) . Raranimus retains a number of plesio− morphic sphenacodontid characters (vomerine process of pre− maxilla absent, more than one functional canine, concave diastema with postero−ventrally sloping alveolar margin of the premaxilla, and nearly parallel−sided internarial portion of vomer) (Romer and Price 1940; Reisz 1986) which are un− known in any other therapsid. However, the presence of a greatly elongated dorsal process of the premaxilla, septo− maxilla with a long facial process, maxilla which is increased in height so as to contact the prefrontal, and ventral surface of the vomer with lateral ridges and median trough distinguish Roadian tetrapod faunas from North America are very dif− ferent from the oldest faunas from South Africa, Russia, and China with the major difference being the lack of therapsids in the North American faunas (Reisz and Laurin 2001; Lucas 2002 Lucas , 2004 Lucas , 2006 . Tetraceratops from the Early Permian of Texas, has been considered the oldest therapsid (Laurin and Reisz 1996) but its therapsid identity has since been ques− tioned (Sidor and Hopson 1998; Conrad and Sidor 2001 ) and our analysis shows it to be more basal than Raranimus (Fig. 3) . Lack of a therapsid record in the early Roadian and their first appearance as an already diverse group at the Roadian-Wor− dian transition, suggests a gap (dubbed Olson's Gap) in the early therapsid fossil record (Lucas 2004; Ivakhnenko 2005 ), a crucial interval in which the initial evolution of this group must have occurred (Abdala et al. 2008) .
One of the great remaining unsolved problems in synapsid history is the sphenacodontid−therapsid transition and the early diversification of therapsids. It has been suggested that the origin and early diversification of the main therapsid lin− eages occurred either by a rapid process of apomorphy accu− mulation, or by gradual acquisition of apomorphies during an extended temporal interval of up to 35 Ma (Kemp 2006; Abdala et al. 2008) . Choosing between these two scenarios is possible only if therapsid−bearing rocks from Olson's Gap are found. The presence of Raranimus at Dashankou, the basal− most Middle Permian therapsid known, in association with the dissorophoid Anakamacops, the bolosaurid Belebey (both families occur together only in the Early Permian) and the very primitive therapsids Biseridens, Stenocybus, and Sinophoneus (known only from China, Li et al. 1996; Cheng and Li 1997; Li and Cheng 1997; Li 2001) , support the hypothesis of an early Roadian age for this locality, and helps to fill in Olson's Gap. In addition, the discovery of a new basal Laurasian therapsid which cannot be assigned to any major therapsid clade, suggests that the initial evolutionary radiation of therapsids occurred in Laurasia.
